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SECTION A  
 
1. The solubility of Ar in water at 25 °C is  1.610
3  M when the pressure of 
the Ar above the solution is 1.0 atm. The solubility of Ar at a pressure of  
2.5 atm is __________ M.  
 
A.  1.6 10
3
 
B.  6.410
4
 
C.  4.010
3
 
D.  7.510
2
 
E.  1.610
3
 
 
2. The concentration of urea in a solution prepared by dissolving 0.27 mol 
urea in 39 g of 
 
H
2
O  is ____% by mass. The molar mass of urea is  
60.0 g/mol.  
 
A. 0.41  
B. 29  
C. 41  
D. 0.29  
E. 0.48  
 
3. In which of the following molecules is hydrogen bonding likely to be the 
most significant component of the total intermolecular forces?  
 
A. 4CH  
B. 5 11C H OH  
C. 6 13 2C H NH  
D. 3CH OH  
E. 2CO  
 
4. Of the following, __________ is the most volatile.  
 
A. 4CH  
B.        4CBr  
C. 4CCl  
D. 4CF  
E. 6 14C H  
 
5. As a solid element melts, the atoms become __________ and they have 
__________ attraction for one another.  
 
A. more separated, more  
B. more separated, less  
C. closer together, more  
D. closer together, less  
E. larger, greater  
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6. The concentration of KBr in a solution prepared by dissolving 2.21 g of KBr 
in 897 g of water is __________ molal.  
 
A. 2.46  
B. 0.0167  
C. 0.0207  
D.  2.07 10
5
 
E. 0.0186  
 
7. Which one of the following statements is incorrect? 
 
A. The equilibrium constant of a reaction equation where the stoichiometric 
coefficients have been multiplied throughout by a number is the equilibrium 
constant raised to a power equal to that number. 
B. Reducing the volume of a gaseous equilbrium mixture causes the system 
to shift in the direction that increases the number of moles of gas. 
C. If a pure solid is involved in a heterogeneous equilibrium, its concentration 
is not included in the equilibrium-constant expression for the reaction. 
D.  The reaction quotient (Q) will equal the equilibrium constant (KC) only if the 
system is at equilibrium. 
E.  A catalyst increases the rate at which equilibrium is achieved, but it does 
not change the composition of the equilibrium mixture. 
 
8.  Consider the following equilibria: 
 H2(g)  +  I2(g)  ⇌  2HI(g)   K1 
N2(g)  +  3H2(g)  ⇌  2NH3(g)     K2 
 2NH3(g) +  3I2(g)  ⇌  6HI(g) +  N2(g)   K3 
  
Which one of the following is true? 
 
A. K3 = K23/K12 
B. K3 = K2/K13 
C.  K3 = K13/K2 
D. K3 = K23/K1 
E. K3 = K13/K23  
 
9.         Nitrosyl bromide NOBr(g) decomposes according to the following equation: 
   
            2NOBr(g) ⇌ 2NO(g)   +   Br2(g)   
 
0.640 mol of NOBr(g) were placed into a 500 cm3 flask with 0.160 mol of 
NO(g) and the reaction was allowed to equilibrate. At equilibrium it was 
found that 0.540 mol of NOBr(g) were present. How many moles of NO(g) 
and Br2(g) were in the flask at equilibrium? 
 
A. 0.320 moles NO and 0.160 moles Br2 
B. 0.320 moles NO and 0.0800 moles Br2 
C. 0.520 moles NO and 0.0500 moles Br2 
D. 0.260 moles NO and 0.0500 moles Br2 
E. 0.260 moles NO and 0.100 moles Br2 
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10. Consider the following reaction at equilibrium at 135oC: 
  
 2AB3(g) ⇌ A2(g) + 3B2(g)  
 
If 0.200 mol of AB3(g) were placed into a 1.00 dm3 container and the 
concentration of B2(g) at equilibrium was 0.0150 mol.dm─3, if the gas 
constant R is 8.205 78 x 10─2 L.atm.K─1.mol─1, then the value of the 
equilibrium constant (Kp) is: 
 
A. 4.67 x 10─7 
B. 5.74 x 10–5 
C. 4.17 x 10─10 
D. 1.22 x 10─3    
E. 5.24 x 10─4 
                                                                                                                                                                                     
11. According to the Arrhenius theory an acid is a substance: 
 
A. that increases the concentration of hydrogen ions when dissolved in water 
B. that can donate hydrogen ions to another substance 
C. that accepts an electron-pair from another substance  
D. that increases the concentration of hydroxide ions when dissolved in water 
E. that can donate hydroxide ions to another substance 
   
12. A 0.122 mol.dm─3 solution of a weak acid HX is dissociated by 7.42%. The 
pH of the solution and the Ka for the weak acid are: 
 
A. 2.04 and 6.72 x 10─4 
B. 0.914 and 9.05 x10─3 
C. 2.04 and 7.25 x 10–4 
D. 1.49 and 4.89 x 10─3 
E. 0.914 and 7.28 x 10─4  
 
13. The pH of a solution made by dissolving 0.0350 mol of calcium chlorite 
(Ca(ClO2)2) in water and diluting to a total volume of 500 cm3 is: 
 
A. 7.40      
B. 12.5 
C. 6.60 
D. 7.55 
E. 6.45 
 
14.       Which transformation cannot take place at the cathode of an electrochemical   
             cell? 
 
A. Bi(OH)3(s) → Bi(s)      
B. SnO22–(aq) → SnO3 
C. Cr2O72–aq) → Cr3+ 
D. ClO─ → Cl– 
E. S(s) → HS– 
  
 
   [14 x 3 = 42] 
          
 
 
 
PHYSICAL CHEMISTRY 2 (THEORY) CET1BP1         SECOND SEMESTER 2014 - 5 - 
 
 
SECTION B 
QUESTION 1 
 
1.1 Define the following terms 
 
1.1.1 Closed system             (2) 
1.1.2 State function                 (2) 
1.1.3 Specific heat capacity              (2) 
1.1.4 Enthalpy of formation  (2) 
 
1.2 A 0.5865 g sample of lactic acid (HC3H5O3) is burned in a calorimeter 
whose heat capacity is 4.812 kJ/°C. The temperature increases from 
23.10 °C to 24.95 °C. Calculate the heat of combustion of 1 mole of lactic 
acid.  (4) 
 
1.3 Calculate the standard enthalpy of formation of gaseous diborane (B2H6)  
  
 2 2 62 ( ) 3 ( ) ( )B s H g B H g   
 
 using the following thermochemical information:     
 
 
2 2 3
2 2 2
2 6 2 2 3 2
1) 4 ( ) 3 ( ) 2 ( ) -2509.1
2) 2 ( ) ( ) 2 ( ) -571.7
3) ( ) 3 ( ) ( ) 3 ( ) -2147.5
o
o
o
B s O g B O s H kJ
H g O g H O l H kJ
B H g O g B O s H O l H kJ
   
   
    
              (7) 
1.4 You must have been taught in high school that branched chain isomers of 
alkanes have lower boiling point than their linear or straight chain 
isomers. Explain the reason(s) for this boiling point difference. (4) 
1.5 Discuss briefly, one method that can be used for the separation or 
removal of colloidal particles (5) 
 
 
 
     [28] 
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QUESTION 2 
 
2.1 A compound decomposes by a first-order process. If 25.0% of the 
compound decomposes in 60.0 minutes, calculate the half-life of the 
compound. (6) 
2.2 Bromate ion react with bromide ion in acid solution to form bromine 
according to the reaction 
 - - +3 2 2BrO (aq) + 5Br (aq) + 6H (aq) 3Br (aq) + 3H O(l)  
 The concentration of -
3BrO (aq)  was monitored at 298 K n four separate 
experiments, each with different initial concentration of the reactants as 
shown in the following table 
            
Experiment 
Initial Concentration/ M 
Initial rate/M s-1 
-
3[BrO (aq)]  
-[Br (aq)]  +[H (aq)]  
1 0.10 0.10 0.10 1.2 x 10-3 
2 0.20 0.10 0.10 2.4 x 10-3 
3 0.10 0.30 0.10 3.6 x 10-3 
4 0.20 0.10 0.20 9.6 x 10-3 
2.2.1 Determine the rate law expression (7) 
2.2.2 What is the overall order of the reaction? (1) 
2.2.3 Calculate the rate constant for this reaction                     (3) 
2.2.4 At 298 K, if the initial concentrations of each of the reactants was 
increased, explain what will happen to the value of the rate constant. (2)  
2.3 With the aid of suitable diagram(s), explain the effect of pressure change 
on the rate of a gaseous chemical reaction.           (5) 
 
2.4 A sample of solid calcium carbonate is completely decomposed, producing 
a gas that is collected over water at 55.0 oC. The wet gas exerts a pressure 
of 101.1 kPa. When dried, the gas occupied a volume of 500.0 cm3. The 
vapour pressure of water at 55.0 oC is 118 mmHg. 
 
2.4.1 Write the balanced chemical equation for the reaction.  (2) 
2.4.2 Calculate the mass of calcium carbonate that was decomposed. (6) 
                  
      
 
 
 
   [32] 
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QUESTION 3 
 
3.1 The KP value for the decomposition of ammonium hydrogen sulphide is 
0.0181. 
 
3.1.1 Write the balanced equation. (2) 
3.1.2   If 1.81 g of ammonium hydrogen sulphide were put in a 500 mL flask and 
allowed to reach equilibrium at 25.0oC, calculate the total pressure in the 
flask at equilibrium. (6) 
 
3.2 Given the following unbalanced reaction equation at 2000oC: 
 N2(g) + O2(g)  ⇌  NO(g)        KC = 50.02 
 
 If 0.060 mol N2, 0.080 mol O2 and 0.490 mol NO were placed in a 1.0 dm3 
container and the reaction was allowed to reach equilibrium, calculate the 
equilibrium concentrations of all the species if an additional 0.300 mol of 
NO is injected into the same container.  (9) 
 
     [17] 
                   
 
QUESTION 4 
 
4.1      If the pH of 100.0 cm3 of a 1.75 x 10-4 M solution of a monoprotic weak acid 
is 4.50, calculate Ka and the percentage dissociation.  (7) 
 
4.2       Calculate the pH for the following: 
 
4.2.1 A solution that is 0.125 mol.dm─3 in sodium butanoate (NaC4H7O2). (7) 
4.2.2 A solution that is 0.125 mol.dm─3 in butanoic acid (HC4H7O2) and  
0.125 mol.dm─3 in sodium butanoate (NaC4H7O2). (5) 
 
4.3 Determine the cell potential at 25 oC 
 
            Fe  | Fe2+(0.0100 mol.dm─3) ||  Cd2+(1.00 mol.dm─3 )  |  Cd                                  (6) 
 
 
  [25] 
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DATA    
 
Avogadro’s number: N = 6.02 x1023 
 
0oC = 273.15 K 
 
Standard pressure = 1 atm = 101.325 kPa = 760 mmHg = 760 torr = 1.01325 bar 
 
R  = 8.31451 L.kPa .K–1.mol–1 
     = 8.31451 J.K–1.mol–1 
     = 8.31451 x10–2 L.bar .K–1.mol–1 
     = 8.20578 x10–2 L.atm .K–1.mol–1 
     = 62.364 L.torr .K–1.mol–1 
 
 
F   = 9.6485 x 104 C.mol–1 
 
V   = J.C–1 
 
Equilibrium constants (T = 25.0 oC) 
 
Ka(HC4H7O2)  =  6.30 x 10─5 
 
 
Standard reduction potentials (T = 25.0 oC) 
 
Eo red (Fe2+ / Fe)  =  –0.440 V 
Eo red (Cd2+/ Cd)  =  –0.403 V 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
